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The oscillation of solutions of the second order equation 
X” + u(t) P-1 = 0, n a positive integer, (1) 
has been studied recently by several investigators [l-3]. Special cases of the 
nonlinear equation, the Emden-Fowler equation [4, Chapter 71, have impor- 
tant physical applications, and for the linear case the literature is voluminous. 
All of the above investigators have restricted the coefficient a(t) to be non- 
negative for large t. In this paper, a criterion for the oscillation of all solutions 
of Eq. (1) under conditions which allow u(t) to be negative part of the time is 
established. For n = 1, the result was proved by A. Wintner [5].l 
THEOREM. If u(t) is continuous and if 
(*) jm u(t) dt = co 
then all solutions of Eq. (I) me oscillatory. 
PROOF. Let x(t) be a nonoscillatory solution. Then x(t) is eventually of 
one sign. Since - x(t) is also a solution, x(t) may be assumed to be eventually 
positive. For large t, (1) may be written 
which upon integration yields 
- j’ u(s) ds = a-ys) x’(s) It + (2n - 1) jIO [x’(s)]2 [x(S)]-‘n ds. 
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Since the left side diverges, and since the second term on the right is positive, 
x’(t) --+--- ccj. 
,x2-y t ) 
From this it follows that if x(t) does not oscillate, it must tend monotonically 
to a finite limit since x(t) and x’(t) are of opposite sign for large t. If this 
limit were other than zero, the above gives an immediate contradiction to 
the absence of zeros of x(t) in (to , co). If lim, j, x(t) is finite, x’(t) may not 
be bounded away from zero. Let ti be the first t-value for which X’(Q) = - 1,‘i. 
Necessarily, ti - CC as i-, co. For tie1 < u < ti , one has the following 
identity 
,+--l(t) jIt u(u) du =(x’t) - (x’tJ 
-1 (1 - 2n) j.li x’(n) x~~-~(D) dw s; u(u) du 
which may be established by integrating Eq. (1). Letting 
f(t) = jy u(u) du, x(t) = (1 - 2n) 3 , 
p)(t) = P-l(t)f(t), 
this identity is of the form 
a)(t) = x’(t) - x’(Q), 
dt) = #(t) -+ jl’ Xb) ds) ds 
where #(t) < 0 and x(s) > 0. Using an integrating factor in an argument 
similar to that in the solution of problem 1 of [7], p. 37, it can be shown that 
dt) = w + j:i xw tcl(4 exp j”, x(4 du ds. 
Since x(t) > 0 and 9(t) < 0, then p(t) < 0. Thus,f(t) < 0, and in particular 
f(ti-r) < 0. Since this is true for all large i, it leads to an immediate contra- 
diction of (*). 
The author is deeply indebted to Professor F. V. Atkinson for his valuable comments 
on the original version of this paper. 
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